A method for combined immunohistochemistry using alkaline phosphatase antialkaline phosphatase (APAAP) and in situ hybridisation using biotinylated probes was developed. The method requires no change to either technique and no additional procedures between them. The procedure was able to show the cell types involved in parvovirus infection of the fetus. The efficiency of immunohistochemistry and in situ hybridisation for the detection of cytomegalovirus in kidney were also compared: occasional cells contained cytomegalovirus DNA but not antigen.
Immunohistochemistry for antigen detection has been used very successfully in the examination of histological and cytological preparations for many different clinical and research purposes. In situ hybridisation for While combined in situ hybridisation/immunohistochemistry has been reported previously,3-6 these authors used autoradiography for in situ hybridisation and peroxidase/diaminobenzidine (DAB) for immunohistochemistry. This required additional steps between the two procedures to prevent nonspecific binding of probe to the DAB reaction product. Furthermore, peroxidase/DAB is only one of many immunohistochemistry methods available and others have advantages of increased sensitivity with fewer non-specific staining problems. The use of radioisotopes for in situ hybridisation also has disadvantages, some of which can be overcome by probes with non-radioactive labels. 7 We describe a straightforward method combining immunohistochemistry with the alkaline phosphatase antialkaline phosphatase (APAAP) technique, followed by in situ hybridisation using biotinylated probes. The method is rapid and requires no additional procedures between the immunohistochemistry and in situ hybridisation. We have used the method to study the cell type involved in parvovirus infection of the fetus89 and to compare the sensitivity of in situ hybridisation with immunohistochemistry for the detection of cytomegalovirus (CMV) infection in tissue sections. We also compared the relative efficiency of several substrates and chromogens for both peroxidase and alkaline phosphatase in the combined procedures.
Methods
Kidney from a neonate who died shortly after birth from disseminated CMV infection was used. CMV was cultured from the placenta; serology from both the baby and the mother showed CMV IgM with a titre of greater than 1256, and characteristic viral inclusions were present in kidney, lung, heart, brain and placenta. For the parvovirus study, tissues from heart, lung, brain, spleen, pancreas, 
Results
The storage conditions of the sections after immunohistochemistry and before in situ hybridisation were important. Increasing the period ofair drying resulted in a reduced in situ hybridisation signal and increased background. Storage at 4°C in phosphate buffered saline gave the best results for in situ hybridisation with no decrease in signal within the time tested (40h). The APAAP staining was unaffected by the in situ hybridisation procedure, as was the immunoperoxidase method using DAB. The red colour of acid fuchsin in napthol ASBI phosphate gave good contrast with the brown/black deposits of the in situ hybridisation, but the brown colour ofDAB was difficult to distinguish from the in situ hybridisation. Fast red in napthol ASMX phosphate also gave good contrast but was less sensitive than acid fuchsin. Aminoethylcarbazol was less stable than DAB, showed some leaching out during the in situ hybridisation procedure, and tended to look brown rather than red, again resulting in difficulty in distinguishing it from the in situ hybridisation. 4 chloro-1 napthol did not withstand the in situ hybridisation procedure and was completely lost. In situ hybridisation for both probes gave slightly less strong results when preceded by immunohistochemistry but was still easily interpretable.
In general, the monoclonal antibody CCH, gave strong positive staining of both cytoplasm and nuclei of many (presumably CMV infected) cells (fig 1) . In situ hybridisation combined with immunohistochemistry also showed positive staining of nuclei of such cells with granular positivity in the cytoplasm (fig 2) . These granules probably represent newly syn- Combined non-isotopic in situ hybridisation and immunohistochemistry on routinely processed material Elkk* Figure 4 Placenta with erythrocytes stained with monoclonal antibody R APAAP (red) followed by in situ hybridisation for parvovirus DNA (fig 3) . In the tissues infected with I viral DNA was found in erythrocyi macrophages, and occasional n fibres.
Discussion
The combined use of immunocytc and in situ hybridisation has wide ap for example, in studying many differn of viral infections of cells458 and for eous demonstration of a gene and its The method described in this paper i forward, requiring no change to methods for either the immunohist staining or in situ hybridisation. Th( no extra procedures between the twc This is in contrast to the methods previously for combined in situ hyl (by autoradiography) and for imnr chemistry, (by peroxidase/DAB).3 biotinylated probes permits rapi( hybridisation, so that the combinat two techniques only takes two days ingly, the APAAP procedure gave contrast with the in situ hybridisatic product than peroxidase/DAB as A: more sensitive technique for imrr chemistry. We also found that acid ft a more sensitive substrate/chron alkaline phosphatase than fast red. trypsin in the immunohistochemist cause any difficulty with the subsequ digestion for in situ hybridisation, i done as normal. 
